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Abstract  1 
Aims: To evaluate the ability of grapevine ecosystem fungi to degrade histamine, tyramine 2 
and putrescine in synthetic medium and in wines. 3 
Methods and Results: Grapevine and vineyard soil fungi were isolated from four locations of 4 
Spain and were subsequently identified by PCR. A total of 44 fungi were evaluated for in 5 
vitro amine degradation in a microfermentation system. Amine degradation by fungi was 6 
assayed by reversed-phase (RP)-HPLC. All fungi were able to degrade at least two different 7 
primary amines. Species of Pencillium citrinum, Alternaria sp., Phoma sp., Ulocladium 8 
chartarum and Epicoccum nigrum were found to exhibit the highest capacity for amine 9 
degradation. In a second experiment, cell free supernatants of Penicillium citrinum CIAL-10 
274,760 (CECT 20782), grown in Yeast Carbon Base with histamine, tyramine or putrescine, 11 
were tested for their ability to degrade amines in three different wines (red, white and 12 
synthetic). The highest levels of biogenic amine degradation were obtained with histamine-13 
induced enzymatic extract. 14 
Conclusions: The study highlighted the ability of grapevine ecosystem fungi to degrade 15 
biogenic amines and their potential application for biogenic amines removal in wine. 16 
Significance and Impact of Study: The fungi extracts described in this study may be useful 17 
in winemaking to reduce the biogenic amines content of wines, thereby preventing the 18 
possible adverse effects on health in sensitive individuals and the trade and export of wine. 19 
 20 
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Introduction 1 
Biogenic amines are nitrogenous compounds of low molecular weight found in most 2 
fermented foods such as cheeses, dairy products, fish, meat, wine and beer (Ten Brink et al. 3 
1990; Halàsz et al. 1994). These biologically produced amines are essential at low 4 
concentrations for normal metabolic and physiological functions in animals, plants, and 5 
microorganisms. However, biogenic amines can have adverse effects at high concentrations 6 
and pose a health risk for sensitive individuals (Moreno-Arribas et al. 2009). A number of 7 
countries have implemented upper limits for histamine in food and wine. This development 8 
has already started to threaten commercial export transactions and may become more serious 9 
and may generate, in a nearby future, a competitive situation between wine industries. The 10 
total content of amines in wine varies from trace levels up to 130 mg/L (Soufleros et al. 11 
1998). The most prevalent biogenic amines in wine include histamine, tyramine and 12 
putrescine (Bauza et al. 1995; Silla Santos 1996; Marcobal et al. 2006) which are mainly 13 
produced from microbial decarboxylation of the amino acids histidine, tyrosine and ornithine, 14 
respectively. Consumption of foods and beverages with high amounts of amines can have 15 
toxic effects (Ancín-Azpilicueta et al. 2008) that could be more severe in sensitive consumers 16 
having a reduced mono (MAO) and diamino (DAO) oxidase activity (Taylor 1986; Maintz 17 
and Novak 2007; Ancín-Azpilicueta et al. 2008). Both, MAO, a flavin-containing monoamine 18 
oxidase, and DAO, a copper-containing amine oxidase or diamine oxidase, are a large group 19 
of enzymes catalysing oxidative deamination of amines (Yagodina et al. 2002). The activity 20 
of these enzymes is maximum under neutral to alkaline conditions, and oxygen is necessary 21 
for their action (Beutling, 1992). The activity of these enzymes is reduced with the 22 
consumption of ethanol, a major compound found in wine, increasing the toxic effect of the 23 
biogenic amines (Ten Brink et al. 1990).  24 
 4 
The high secretory capacity of filamentous fungi has been widely commercially 1 
exploited. Recent progress in elucidating primary metabolism pathways in fungi information 2 
has been applied to create biotechnologically improved strains (Conesa et al. 2001). 3 
Enzymatic removal of amines may be a safe and economic way to eliminate these 4 
troublesome compounds from wines and other fermented foods. Several kinds of filamentous 5 
fungi are known to produce amine oxidase activity when using amines as a sole nitrogen 6 
source for growth (Yamada et al. 1965, 1966; Adachi et al. 1970; Yamada et al. 1972; Isobe 7 
et al. 1982). Two kinds of amine oxidases have been purified and characterized from fungi 8 
(Frébort et al. 1996, 1997a, 1997b). Additionally, the genome of Aspergillus niger contains 9 
six genes encoding for amine oxidases. One of those genes has been heterologously expressed 10 
in Saccharomyces cerevisiae (Kolaříková et al. 2009). 11 
Fungi associated with the grapevine ecosystems potentially could be well adapted to 12 
utilize biogenic amines in grapes and fermented grape must. To test this hypothesis, we 13 
isolated fungi from soils and living grapevines in four vineyards in central Spain. The fungi 14 
were grown in defined medium using a selection of free amines (i.e. histamine, tyramine and 15 
putrescine) as the sole nitrogen source using a microfermentation system (Duezt 2007). 16 
Amine degradation by fungi was assayed by reversed-phase (RP)-HPLC. Presently no 17 
information exists about the potential of grapevine fungi to degrade biogenic amines. The 18 
purposes of this paper were (i) to isolate and identify a set of fungi adapted to the grapevine 19 
environment, (ii) to screen these fungi for their ability to degrade histamine, tyramine and 20 
putrescine, and (iii) to determine  whether any of these fungal isolates (with high biogenic 21 
amines degradation ability) were able to decrease biogenic amines content in wines. 22 
 23 
Materials and methods  24 
 25 
 5 
Chemicals 1 
Histamine dihydrochloride and 1,4-diaminobutane dihydrochloride (putrescine) were 2 
obtained from Fluka (Steinheim, Germany). Tyramine hydrochloride was purchased from 3 
Sigma-Aldrich (St. Louis, USA). 4 
 5 
Fungal isolation 6 
Vineyard soil and plants were sampled at four locations of Spain during the Spring of 7 
2008. To isolate endophytic fungi, grapevine stems were cut from grapevine plants, place in 8 
clean paper envelopes, and transported to the laboratory at ambient temperature in the same 9 
day. Samples were stored at 4 °C up to 48 h before processing. Bark and leaf bud surfaces 10 
were disinfected by sequential 30 sec washes in 70% ethanol, 5% sodium hypochlorite, 70% 11 
ethanol and sterile water (bark samples), and 70% ethanol and sterile H2O (leaf bud samples). 12 
To obtain xylem samples, grapevine stems were split at the distal end to expose the fresh 13 
uncontaminated xylem, and small chips were removed aseptically from the centre of the 14 
stem’s interior with a sterile scalpel and forceps. After surface decontamination, individual 15 
bark fragments, xylem chips and leaf buds were aseptically transferred to each well of 48-well 16 
tissue culture plates containing YMC medium  [malt extract (Becton Dickinson), 10 g; yeast 17 
extract (Becton Dickinson), 2 g; agar (Conda), 20 g; cyclosporin A, 4 mg; streptomycin 18 
sulfate, 50 mg; terramycin, 50 mg; distilled H2O 1 L]. Eighteen 48-well microplates were 19 
prepared per plant (six for bark fragments, six for xylem chips and six for leaf buds). Isolation 20 
plates were dried briefly in a laminar flow hood to remove excess liquid from agar surfaces, 21 
and incubated for two weeks at 22 ºC and 70% relative humidity.  22 
Soil samples were sieved before fungi isolation. Soils aliquots were first washed and 23 
separated into particles and using a particle filtration method in order to reduce the number of 24 
colonies of heavily sporulating fungi (Bills et al. 2004). Washed soil particles were plated 25 
 6 
using a dilution-to-extinction strategy (Collado et al. 2007; Sánchez Márquez et al. 2011). 1 
Approximately 0.5 cm
2
 of washed soil particles were resuspended in 30 mL of sterile H2O. 2 
Ten-microliter aliquots of particle suspensions were pipetted per well into 48-well tissue 3 
culture plates containing YMC medium. Nine 48-well microplates were prepared per sample. 4 
Isolation plates were dried briefly in a laminar flow hood to remove excess liquid from agar 5 
surfaces, and incubated for two weeks at 22ºC and 70% relative humidity. 6 
  7 
Generation of fungi inoculums  8 
Emerging fungal colonies from isolation plates were transferred to Yeast Malt Agar 9 
[malt extract (Difco), 10 g; yeast extract (Difco), 2 g; bacteriologic agar (Conda), 20 g; 10 
distilled H2O 1 L] at 22ºC for 2 weeks to obtain pure cultures. Three to four mycelial discs 11 
were cut from each 60-mm plate with a sterile Transfer Tube (Spectrum Laboratories, Rancho 12 
Dominguez, CA, USA). Mycelia discs were extruded from the Transfer Tube and crushed in 13 
the bottom of tubes containing 8 mL of SMYA medium (neopeptone (Difco), 10 g; maltose 14 
(Conda), 40 g; yeast extract (Difco), 10 g; bacteriologic agar (Conda), 4 g; distilled H2O 1 L) 15 
and two cover glasses (22 mm
2
). Tubes were agitated on an orbital shaker (200 rev min 
-1
, 5 16 
cm throw), and rotation of the cover glasses continually sheared hyphae and mycelial disc 17 
fragments to produce hyphal suspensions consisting of minute hyphal aggregates and fine 18 
mycelial pellets. Tubes were agitated 4 days at 22 ºC in Kühner environmental chambers (ISF-19 
4-V) equipped with inclinable (approximately 75º) tube racks.  20 
 21 
Molecular identification 22 
 23 
DNA extraction 24 
 7 
Approximately 1 mL of fungi inoculum from each tube was transferred into 96-well 1 
plates with a Transfer Tube (Spectrum Laboratories, Rancho Dominguez, CA, USA). Total 2 
genomic DNA from the different microorganisms was isolated using a Master Pure
 TM
 Gram 3 
Positive DNA Purification Kit (Epicentre Biotechnologies) following manufacturer’s 4 
instruction; slight modifications were made in order to improve fungi DNA extraction. The 5 
modifications carried out were as following: a) some centrifugation steps were made twice 6 
(the first step of Gram Positive DNA Purification Protocol and the seventh step in the DNA 7 
Precipitation), b) the volume of isopropanol added for DNA precipitation was 300 L, 8 
followed of drying step in a Genevac HT-24 vacuum centrifuge at 45ºC for 15 min, and c) 9 
DNA extracts were resuspended in 100 L of Milli-Q water. 10 
 11 
PCR amplification  12 
DNA extracted was used for PCR amplification. DNAs were subjected to PCR reactions 13 
with primers ITS1 and ITS4 (White et al. 1990). Reactions were performed in a final volume 14 
of 50 L containing 0.2 mM of the four dNTPs (Applied Biosystems), 0.05 M of each 15 
primer, 5 L of the extracted DNA and 0.5 U Taq polymerase (Appligene, Illkirch, France) 16 
with its appropriate reaction buffer. Controls without fungi DNA were included for each PCR 17 
experiment. Amplifications were performed in a Thermocycler PCR PTC-200 (Bio-Rad), 18 
according to the following profile: 40 cycles of 1 min at 95ºC, 1 min at 51ºC and 2 min at 19 
72ºC. Amplifications products were visualized by electrophoresis in 1% agarose gels 20 
(Invitrogen E-Gel
R
 48 1 % (GP) G8008-01) using an Invitrogen E-Base. PCR products were 21 
purified using Ilustra GFX 96 PCR Purification Kit (Amersham Biosciences). 22 
 23 
DNA sequencing and phylogenetic sequence analysis  24 
 8 
The purified PCR products were used as a template in sequencing reactions with the 1 
same primers of PCR amplification. Amplified and cloned DNA fragments were sequenced 2 
by using an ABI Prism Dye terminator cycle sequencing kit (Amersham Biosciences). 3 
Sequences were assembled and aligned using Genstudio software (Genestudio Inc.,). The 4 
ITS1-5.8S-ITS2 sequences were aligned with CLUSTAL W (Thompson et al. 1994). The 5 
phylogenetic analysis was complemented with ITS1-5.8S-ITS2 sequences of fungal species 6 
available in GenBank and with similarity searches using BLAST. The data were re-sampled 7 
with 1,000 bootstrap replicates (Felsenstein, 1985) by using the heuristic search option of 8 
PAUP (Swofford 1993). The percentage of bootstrap replicates that yielded each grouping 9 
was used as a measure of statistical confidence. A grouping found on 95% of the bootstrap 10 
replicates was considered statistically significant.  11 
 12 
Degradation of biogenic amines by fungi  13 
Forty-four fungi isolates from grapevine plants and soils were screened for their ability 14 
to degrade biogenic amines in assay broth consisting of Yeast Carbon Base (Sigma Aldrich) 15 
supplemented with histamine, tyramine or putrescine (0.05 g/L) as a single nitrogen source in 16 
order to induce amine oxidase activity. Assay broth (pH 4.5) was filter sterilized (Millipore 17 
ExpressTM Plus, 0.22 m). Before inoculation, a Multidrop Combi (Thermo Fisher 18 
Scientific, Inc., Waltham, MA,USA) was used to fill sterilized deepwell 24-well plates with 19 
assay broth (4 mL/well). Using transfer tubes, approximately 0.5 cm of each fungi inoculum 20 
was transferred to its corresponding well. The fermentation plates were agitated 10 days at 22 21 
ºC. Assays were made in duplicate. 22 
Cultured mycelium was separated from the culture broth by filtration (Syringe Filters 23 
with Luer tip; Agilent Technologies). As a negative control for degradation of biogenic 24 
 9 
amines, 1 mL of uninoculated sterile culture broth from a control well was also analyzed by 1 
reversed phase high performance chromatography (RP-HPLC). 2 
Based on primary screening results, five fungi from the grapevine environment were 3 
able to degrade biogenic amines, and two GRAS (Generally Regarded As Safe) fungi, 4 
Aspergillus oryzae CECT 2094 and Penicillium roqueforti CECT 2905, obtained from the 5 
Spanish Type Culture Collection (CECT) were selected for further experiments. Assays to 6 
measure degradation of biogenic amines were the same as mentioned previously. The culture 7 
pH was measured at initial and final incubation time. 8 
 9 
Degradation of biogenic amines by fungal enzymes in wine 10 
Three different wines (red, white and synthetic) were selected for the experiment. Red 11 
wine (pH 4.06) was selected due to its high natural biogenic amines content (19.33 mg/L of 12 
histamine, 2.07 mg/L of tyramine and 22.66 mg/L of putrescine). White wine (pH 3.27) was 13 
supplemented with histamine, tyramine and putrescine to have a final concentration of 0.05 14 
g/L of each amine. Synthetic wine was prepared by mixing 12% ethanol (v/v) (VWR, Leuven, 15 
Belgium) and 4 g/L tartaric acid (Panreac, Barcelona, Spain). After the pH was adjusted to 4 16 
with NaOH (Panreac), biogenic amines were added at the same concentration than in white 17 
wine. 18 
Penicillium citrinum CIAL-274,760 (CECT 20782) was selected for further 19 
experiments because of its ability to degrade biogenic amines. To prepare crude extract, 20 
approximately 0.5 cm of inoculum was used to inoculate flaks containing 25 mL of assay 21 
broth, consisting of Yeast Carbon Base (Sigma) and 0.05 g/L histamine dihydrochloride 22 
(extract A), tyramine hydrochloride (extract B) or putrescine (extract C). All experiments 23 
were carried out in duplicate. One flask was prepared plus its corresponding control (amine 24 
plus YCB) per amine. The culture was incubated for 1 week on an orbital shaker incubator at 25 
 10 
200 (rev min
-1
), 22ºC and 70% relative humidity (RH). Cultured mycelium was separated 1 
from the culture broth by filtration (Millipore ExpressTM Plus, 0.22 m). Filtered supernatant 2 
was used as a crude extract. Crude extracts were analyzed at least twice by RP-HPLC.  3 
In order to test if crude extracts had ability to degrade wine biogenic amines, the 4 
following steps were carried out: 0.5 mL of crude extract was added to 1 mL of wine. After 5 
18 h incubation at 35ºC, the reaction was stopped by the addition of 1.5 mL 1M HCl. Samples 6 
were filtered and analysed by RP-HPLC. Biogenic amine degradation by the crude extract 7 
was expressed as degradation percentage, by comparing the concentration of amines in the 8 
sample with respect to its control. Samples that were not used immediately were preserved at 9 
-20ºC. 10 
 11 
Biogenic amines analysis 12 
Biogenic amine degradation was analyzed by reversed-phase (RP)-HPLC according to 13 
the previously described method (Marcobal et al. 2005). Briefly, the liquid chromatography 14 
protocol employed a Waters 600 Controller programmable solvent module (Waters, Milford, 15 
MA, USA), a WISP 710B autosampler (Waters, Milford, MA, USA), and a HP 1046-A 16 
fluorescence detector (Hewlett Packard). Chromatographic data were collected and analyzed 17 
with a Millenium32 system (Waters, Milford, MA, USA). The separations were performed on 18 
a Waters Nova-Pak C18 (150 x 3.9 mm i.d., 60 Å, 4 m) column with a matching guard 19 
cartridge. Samples were submitted to an automatic precolumn derivatization reaction with o-20 
phthaldialdehyde (OPA), prior to injection. Derivatized amines were monitored by fluorescent 21 
detection (excitation wavelength of 340 nm, and emission wavelength of 425 nm). Samples 22 
were previously filtered through Millipore filters (0.45 m) and directly injected in duplicate 23 
onto the HPLC system. All reagents used were HPLC grade. 24 
 25 
 11 
Results  1 
 2 
Survey of fungi in the grapevine ecosystem 3 
One of the aims of this study was to isolate a diverse set of fungi representative of the 4 
vineyard ecosystem. A total of 224 strains were isolated from the grapevine plants and 66 5 
from the soil (Table 1). The number of isolates per samples, as well as the number of different 6 
genera from each was calculated in order to compare the richness and diversity of fungi from 7 
different sites. The best results regarding to number and variety of fungi were obtained from 8 
Escuela de la Vid grapevine plants (Table 1). 9 
 10 
Molecular identification of isolates 11 
Comparisons of nucleotide sequences of different isolates of fungus with sequences in 12 
GenBank were able to identify most of the fungi to at least the genus level, with some 13 
exceptions. Best GenBank Blast match identifications and GenBank accession numbers of 14 
fungi are provided in Table 3. The majority of the fungi isolated in this study were Phoma sp., 15 
Alternaria sp. and Fusarium sp. These genera accounted for 22.8% of all isolates. 16 
Unidentifiable fungi were designated as 'unidentified fungus'. 17 
 18 
Phylogenetic analysis 19 
To assess the phylogenetic affinities among fungi isolates, ITS sequences were 20 
compared against GenBank sequence database using BLAST analysis. A phylogenetic tree 21 
was generated by neighbour joining method, and sequence of reference strains were 22 
incorporated into the tree (Figure 1). Unidentified Ascomycete AF502791 and Microdochium 23 
bolleyi AJ279454 were the most disparate ITS sequences and were not clearly associated with 24 
any other grouping of strains. The remaining tree was divided in two main branches (Figure 1, 25 
 12 
branches a and b). The first branch, with a strong bootstrap (98%) includes reference 1 
sequences belonging to orders Xylariales and Sordariales (class Sordariomycetes) (Table 2). 2 
Three isolates in this branch could not be associated with any known sequences, suggesting 3 
the existence of a new lineage. The other main branch (Figure 1, b) including the majority of 4 
the isolates and was well-supported (81% bootstrap). It was further divided into two sub-5 
branches (Figure 1, branches c and d) with reasonable support. Branch c included isolates 6 
belonging to the orders Hypocreales, Microascales, Clalosphaeriales and Phyllachoreales 7 
(class Sordariomycetes) (Table 2). Branch d seemed to correspond with orders Capnodiales, 8 
Botryosphaeriales, Dothideales and Pleosporales (class Dothideomycetes), Eurotiales and 9 
Onygenales (class Eurotiomycetes), Xylariales (Sordariomycetes), and finally, Agaricales 10 
(class Agaromycetes) (Table 2). Some isolates in these branches could not be associated with 11 
any known sequences, especially regarding to branch d.  12 
 13 
Amine degradation by fungi of the grapevine ecosystem 14 
Forty-four strains isolated from vineyards environment were screened for the ability to 15 
degrade histamine, tyramine or putrescine in synthetic medium (Table 3). Out of 44 strains 16 
screened, 31 degraded all three amines, 16 strains degraded two amines and 3 strains 17 
degraded only one amine. In this survey, we arbitrarily set the value of 60% degradation as a 18 
level insignificant enough to consider that fungi were able to degrade biogenic amines. 19 
Alternaria sp. (CIAL-274,707), E. nigrum (CIAL-274,672), P. citrinum (CIAL-274,760, 20 
CECT 20782), Phoma sp. (CIAL-274,692) and U. chartarum (CIAL-274, 893) were selected 21 
for a second experiment because of their high potential to degrade histamine, tyramine and 22 
putrescine. Moreover, two GRAS microorganisms (A. oryzae CECT 2094 and P. roqueforti 23 
CECT 2905) were included in our survey (Table 4). When the assay was repeated with a 24 
larger fermentation, all strains maintained their ability to degrade biogenic amines with the 25 
 13 
exception of E. nigrum, for which the histamine degradation percentage decreased from 99.69 1 
% (Table 3) to 36.45% (Table 4), and U. chartarum, for which putrescine degradation was not 2 
detected (Table 4). When the two GRAS fungi were retested, the two strains were able to 3 
degrade tyramine and putrescine, however, histamine was only degraded by P. roqueforti 4 
(Table 4). The pH medium values remained stable for each strain. 5 
 6 
Determination of enzymatic degradation of biogenic amines content in wine 7 
P. citrinum (CIAL-274,760, CECT 20782) strain was selected to carry out the enzyme 8 
assay because of its high potential to degrade biogenic amines in both experiments (Tables 3 9 
and 4). After growth in a mineral medium supplemented with histamine, tyramine or 10 
putrescine (0.05 g/L final concentration) as a sole source of nitrogen, the supernatant (crude 11 
extract) was collected by filtration. The biogenic amines content in crude extracts and their 12 
corresponding controls were analysed by RP-HPLC. Biogenic amines (histamine, tyramine or 13 
putrescine) only were detected in A, B and C extracts controls. Subsequently, free biogenic 14 
amines extracts (A, B and C) were used for wine enzyme assays (Figure 2). When added to 15 
wines, the three extracts decreased the biogenic amines content, however, the percentage of 16 
degradation varied depending on the type of wine and amine used as the culture’s nitrogen 17 
source. The highest degradation percentages in biogenic amine content (> 80%), were 18 
obtained for white wine, regardless of the amine used to induce amine oxidase activity. 19 
Culture induction by growth on histamine (extract A) appeared to promote better biogenic 20 
amine degradation in white, synthetic and red wine. 21 
 22 
Discussion 23 
Biogenic amines are problematic in some wines because of their harmful effects on 24 
human health, and they also may alter a wine’s organoleptic characteristics, decreasing its 25 
 14 
quality. In most of the cases, it is the manufacturer’s and his winemaking team’s 1 
responsibility, to control the production of biogenic amines, exercising precise controls of the 2 
factors that would negatively influence their formation. Among these factors are the levels of 3 
precursor amino acids and microbial nutrients, wine pH, ethanol levels, sulphite and the 4 
phenolic composition of the wine, and especially the activity of decarboxylase positive 5 
endogenous lactic acid bacteria (Marcobal et al. 2006; Martín-Álvarez et al. 2006; Lucas et 6 
al. 2008; Marqués et al. 2008). However, reducing biogenic amines synthesis in wine is not 7 
always possible without affecting the organoleptic characteristics of the commercial product, 8 
neither with advanced winemaking technology.  9 
The research on amine degrading enzymes for food industrial applications might have 10 
useful applications for wines. Several papers have characterized the amine oxidases involved 11 
in amine degradation by filamentous fungi (Yamada et al. 1965, 1966; Adachi et al. 1970; 12 
Yamada et al. 1972; Isobe et al. 1982; Frébort et al. 1996, 1997b), however nothing is known 13 
about the distribution of these enzymes in fungal strains from ecosystems. In this survey, we 14 
have demonstrated for the first time the ability of vineyard ecosystem fungi to reduce the 15 
biogenic amines content in assay broth as well as in wines. In fungi, most of the amine 16 
oxidases have been studied in crude extracts when induced by various amines, mainly n-17 
butylamine, methylamine, spermine and agmatine (Isobe et al. 1982; Frébort et al. 1997a). 18 
We selected 44 fungal strains representing the range of genera of fungi from a survey of 19 
grapevine ecosystems. The fungal strains were tested for their ability to degrade biogenic 20 
amines after being induced by the main biogenic amines found in wines (histamine, tyramine 21 
and putrescine). The ability to degrade biogenic amines was noteworthy for many fungi, 22 
independent of the amine incorporated into the culture medium (Table 3). These results are 23 
consistent with earlier data reported where 88 fungi species from different origins and 24 
including the genera Aspergillus sp., Fusarium sp., Mucor sp., Neurospora sp., and Monascus 25 
 15 
sp., among others, were induced with n-butylamine, methylamine or spermine (Frébort et al. 1 
1997a). It is thought that amine oxidases allow the fungi to degrade an amine as a source of 2 
ammonium for growth, although these enzymes play have not always been well-defined 3 
(Frébort et al. 2000). In a second experiment we also confirmed that most active fungi 4 
retained their ability to degrade biogenic amines (Table 4). It is also important to emphasize 5 
that P. roqueforti CECT 2905 strain was able to degrade the three studied amines. This 6 
finding might be relevant for amine degradation in foods since the GRAS status makes this 7 
fungus attractive for application in products fit for human consumption.  8 
The potential of P. citrinum CIAL 274,760 (CECT 20782) extracts for biogenic amines 9 
detoxification of wines was further demonstrated in commercial red and white wines and in a 10 
synthetic wine, suggesting that the enzymes are active in culture media. Similar results were 11 
reported by Frébort et al. (2000) with n-butylamine-induced amine oxidases of Aspergillus 12 
niger AKU 3302. In A niger, that amine oxidase was proposed to serve primarily as a 13 
detoxifying agent, preventing amines from entering and damaging the fungal cell. 14 
The preparation and industrial applications of the amino oxidase of Aspergillus niger 15 
IMI17454 was described in 1985 (European Patent Application Nº EP0132674A2). Although 16 
the authors proposed its use in foods, such as cheese, beer, must and yeast extracts, specific 17 
data were not presented demonstrating the usefulness in under real food production 18 
conditions. Based on our results, the amine oxidases from P. citrinum CIAL 274,760 (CECT 19 
20782) were active at pH between 4.0-5.0; pH values were very similar to those of wines, and 20 
clearly lower than the optimal pH reported for A. niger IMI17454 amine oxidases (European 21 
Patent Application Nº EP0132674A2).  22 
Another important finding was the effectiveness of P. citrinum CIAL 274,760 (CECT 23 
20782) in decreasing the biogenic amine content of commercial wines. Red wines, in which 24 
the winemaking process normally involves malolactic fermentation, have been clearly shown 25 
 16 
to have a higher biogenic amine content (especially of histamine, tyramine and putrescine) 1 
than rosé and white wines, in which malolactic fermentation does not occur or occurs to a 2 
lesser degree. The formation of histamine (Herbert et al. 2005; Landete et al. 2005), tyramine 3 
(Vidal-Carou et al. 1990; Moreno-Arribas et al. 2000) or putrescine (Marcobal et al. 2006; 4 
Moreno-Arribas and Polo 2008) is commonly associated with lactic acid bacteria and 5 
malolactic fermentation or wine storage. Among all biogenic amines, histamine is the most 6 
important because of many European countries have imposed legal limits for the histamine 7 
concentrations, therefore impacting the import and export of wines to EU countries. 8 
Therefore, from a commercial point of view, amine oxidase treatments able to decrease 9 
histamine and/or to reduce the amine content of red wines would be of great interest. 10 
According to our results, histamine was significantly degraded in red wine treated with 11 
extracts A, B and C (up to 20, 40 and 38% histamine degradation, respectively), although we 12 
obtained even better results in the white and synthetic wines (Figure 2). The different 13 
phenolic compositions of white and red wines may be associated with these differences. Some 14 
phenolic compounds are known to bind proteins (Santos-Buelga and de Freitas, 2009), and 15 
the differences could be related to their free concentrations rather than to their total 16 
concentrations. Therefore, we speculate that anthocyanins present in red wines could affect 17 
amine oxidases, modulating the effectiveness of their efficiency in the wine environment.  18 
 19 
20 
 17 
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Table 1. Distribution of fungi isolated from four Spanish vineyard ecosystems. 2 
-: no fungi found 3 
-  4 
5 
Location Number  Number of 
isolates 
Isolates per  Number of 
genera 
Unidentified 
fungus 
Plants Soils Plants Soils Plants Soil Plants Soils Plants Soils 
Villamanrique 
del Tajo  
(Madrid) 
4 - 30 - 7,5 - 12 - 3 - 
Escuela de la 
Vid  
(Madrid) 
5 - 97 - 19,4 - 17 - 17 - 
Membrilla  
(Ciudad Real) 
9 2 70 31 7,77 15,5 11 13 14 6 
Tortuero  
(Guadalajara) 
6 1 27 35 4,5 35 4 12 11 13 
Total 24 3 224 66 - - 44 25 45 19 
 25 
Table 2. Distribution of fungi isolated in this study according to their taxonomical group.  1 
Phylum Class Order Family Species 
Ascomycota Dothideomycetes Botryosphaeriales Botryosphaeriaceae 
Botryosphaeria, Dothiorella and Microdiplodia 
species 
    Capnodiales Davidiellaceae Cladosporium and Davidiella species 
      Not assigned family Rachicladosporium species 
    Dothideales Dothideaceae Coniozyma species 
      Dothioraceae Aureobasidium species 
    Pleosporales Didymellaceae Didymella species 
      Leptosphaeriaceae Epicoccum and Leptosphaeria species 
      Massarinaceae Saccharicola species 
      Montagnulaceae Paraconiothyrium species 
      Phaeosphaeriaceae Phaeosphaeria and Stagonospora species 
      Pleosporaceae 
Alternaria, Ulocladium, Embellisia, Pleospora, 
Lewia, Pyrenochaeta, Didymella and 
Dendryphion species 
      Sporormiaceae Sporormia species 
      Not assigned family 
Phoma, Camarosporium and Coniothyrum 
species 
  Eurotiomycetes Chaetothyriales Herpotrichiellaceae  Exophiala species 
    Eurotiales Trichocomaceae Aspergillus and Penicillium species 
    Onygenales Not assigned family Geomyces species 
  Sordariomycetes Calosphaeriales Calosphaeriaceae Phaeoacremonium and Togninia species 
    Hypocreales Clavicipitaceae  Paecilomyces and Metarrhizium species 
      Hypocreaceae 
Acremonium, Hypocrea and Trichoderma 
species 
      Hypocreomycetidae Myrothecium species 
      Nectriaceae Fusarium, Nectria and Gibberella species 
      Not assigned family 
Acremonium, Acrostalagmus and Stachybotrys 
species 
    Microascales Microascaceae Wardomycopsis and Scedosporium species 
      Not assigned family Microdochium species 
    Phyllachorales Not assigned family Verticillium species 
    Sordariales Chaetomiaceae Chaetomium and Thielavia species 
    Xylariales Amphisphaeriaceae 
Discostroma, Pestalotiopsis and Truncatella 
species 
  
Not assigned 
family 
Not assigned family Not assigned family 
Tetracladium, Scolecobasidium and 
Helminthosporium species 
Basidiomycota Coelomycetes     Coelomycete species 
  Agaricomycetes Agaricales Psathyrellaceae Coprinellus species 
         
2 
 26 
Table 3. Screening of fungi isolated of grapevine environment able to degraded histamine, tyramine and 1 
putrescine (0.05 g/L) in YCB broth after 10 days of incubation at 22ºC. 2 
 3 
 4 
n.s.: not sequence 5 
Strain codes 
Proposed 
identification 
GenBank 
accession no. 
Histamine 
degradation 
(%) 
Tyramine 
degradation 
(%) 
Putrescine 
degradation 
(%) 
 CIAL-274,861 Acremonium sp. JN578630 42.05 96.90 98.94 
 CIAL-274,707 Alternaria sp. JN545791 99.66 100 100 
 CIAL-274,722 Alternaria sp. JN578617 99.83 100 100 
 CIAL-274,736 Alternaria sp. JN578622 99.88 100 100 
 CIAL-274,737 Alternaria sp. JN545793 99.89 100 100 
 CIAL-274,767 Alternaria sp. JN578628 100 100 100 
 CIAL-274,720 Ascochyta sp. JN578616 99.67 100 100 
 CIAL-274,787 Cladosporium sp. JN578629 80.60 100 99.61 
 CIAL-274,684 Coelomycete JN578614 99.42 100 100 
 CIAL-274,776 Coelomycete (n.s.)  75.94 100 100 
 CIAL-274,726 Dendryphion penicillatum JN578618 0 99.91 22.80 
 CIAL-274,659 Discostroma sp. JN578610 88.86 99.98 100 
 CIAL-274,735 Discostroma sp. JN578621 73.12 100 100 
 CIAL-274,673 Embellisia sp. JN578612 99.52 100 100 
 CIAL-274,906 Embellisia sp. JN578641 100 20.08 99.68 
 CIAL-274,672 Epicoccum nigrum JN578611 99.69 100 100 
 CIAL-274,667 Fusarium sp. JN545777 2.07 100 100 
 CIAL-274,763 Fusarium sp. JN578627 19.62 100 100 
 CIAL-274,683 Leptosphaeria sp. JN545781 35.50 100 100 
 CIAL-274,696 Leptosphaeria sp. JN545785 99.55 100 100 
 CIAL-274,897 Metarhizium anisopliae JN545817 0 100 100 
 CIAL-274,760 Penicillium citrinum JN578626 100 99.91 99.69 
 CIAL-274,895 Pestalotiopsis sp. JN578635 100 100 99.84 
 CIAL-274,692 Phoma sp. JN578615 99.64 99.91 99.95 
 CIAL-274,733 Phoma sp. JN578620 52.14 99.99 100 
 CIAL-274,741 Phoma sp. JN578623 99.46 100 99.50 
 CIAL-274,757 Phoma sp. JN578625 100 99.86 99.84 
 CIAL-274,885 Phoma sp. JN578632 93.79 100 99.82 
 CIAL-274,896 Phoma sp. JN578636 100 100 100 
 CIAL-274,903 Phoma sp. JN578639 68.06 100 100 
 CIAL-274,904 Scolecobasidium sp. JN578640 99.74 64.84 100 
 CIAL-274,893 Ulocladium chartarum JN578634 99.84 100 100 
 CIAL-274,899 Ulocladium chartarum JN545819 100 100 100 
 CIAL-274,670 Unidentified ascomycete JN545778 79.12 100 100 
 CIAL-274,674 Unidentified fungus JN578613 99.65 100 100 
 CIAL-274,731 Unidentified fungus JN578619 0 99.98 48.97 
 CIAL-274,755 Unidentified fungus JN545794 92.60 0 100 
 CIAL-274,888 Unidentified fungus JN578633 100 100 99.77 
 CIAL-274,901 Unidentified fungus JN578638 100 100 100 
 CIAL-274,687 Unidentified fungus (n.s)   5.61 100 88.96 
 CIAL-274,724 Unidentified fungus (n.s)   37.30 37.93 100 
 CIAL-274,743 Unidentified Pleosporales JN578624 99.72 100 99.55 
 CIAL-274,881 Unidentified Pleosporales JN578631 51.12 100 99.73 
 CIAL-274,900 Unidentified Pleosporales JN578637 100 100 100 
 27 
Table 4. Degraded histamine, tyramine and putrescine values (expressed as percentage) in YCB broth with 0.05 g/L histamine, tyramine or putrescine, starting 
pH in 4.6, 4.5 and 4.5 respectively, after 10 days of incubation at 22ºC with fungi grapevine isolates.  
 
Strain codes Origin Identification 
Histamine 
degradation (%) 
Final 
pH 
Tyramine 
degradation (%) 
Final
pH 
Putrescine 
degradation (%) 
Final
pH 
CIAL-274,707 Bark grapevine Alternaria sp. 100 4.5 100 4.5 100 4.5 
CIAL-274,672 Xylem grapevine Epicoccum nigrum 36.45 4.5 100 4.5 100 4.5 
CIAL-274,760 Bark grapevine Penicillium citrinum 100 4 100 4 100 4 
CIAL-274,692 Xylem grapevine Phoma sp. 100 4.5 100 4.5 100 4.5 
CIAL-274,893 Soil grapevine Ulocladium chartarum 100 5 100 5 ND 5 
 CECT 2094 Aspergillus oryzae 3.77 4 100 4 100 4 
 CECT 2905 Penicillium roqueforti 100 4.5 100 4.5 100 4.5 
ND: not detected 
 28 
Figure Legends 
Figure 1. Neighbour-joining analysis of vineyard ecosystem fungi isolates from four 
geographical localizations (Villamanrique del Tajo, Escuela de la Vid, Tortuero and 
Membrilla) of Spain. Selected reference strains were aligned with vineyard isolates. Statistical 
support (bootstrap) values were indicated at branches. Horizontal distances are proportional to 
the distances sequences. 
Figure 2. Histamine, tyramine and putrescine degradation measured by RP-HPLC in red 
synthetic and white wines with added A, B and C extracts after 18 h of incubation at 35ºC. 
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